Introduction Prior enterobiliary manipulation confers a high risk for liver abscess formation after hepatic ablation. We aimed to determine if prophylactic antibiotics could prevent post-ablation abscess in patients with a history of hepaticojejunostomy. Materials and Methods This single-institution retrospective study identified 262 patients who underwent 307 percutaneous liver ablation sessions between January 2010 and August 2014. Twelve (4.6 %) patients with prior hepaticojejunostomy were included in this analysis. Ten (83> %) had received an aggressive prophylactic antibiotic regimen consisting of levofloxacin, metronidazole, neomycin, and erythromycin base. Two (16.6 %) had received other antibiotic regimens. Clinical, laboratory, and imaging findings were used to identify abscess formation and antibiotic-related side effects. Results Twelve ablation sessions were performed during the period studied. During a mean follow-up period of 440 days (range, 77-1784 days), post-ablation abscesses had developed in 2 (16.6 %) patients, who both received the alternative antibiotic regimens. None of the 10 patients who received the aggressive prophylactic antibiotic regimen developed liver abscess. One of the 10 patients who received the aggressive prophylactic antibiotic regimen developed grade 2 antibiotic-related diarrhea and arthralgia. Conclusion An aggressive regimen of prophylactic antibiotics may be effective in preventing liver abscess formation after liver ablation in patients with prior hepaticojejunostomy.
Introduction
Liver ablation is an effective, minimally invasive procedure for treating small primary and metastatic tumors. [1] [2] [3] Although ablation is generally considered safe, various complications have been reported, with rates of minor complications ranging from 5.0 to 8.9 % and major complications ranging from 2.2 to 5.7 %. [4] [5] [6] Among the major complications, liver abscess formation is relatively rare, with reported incidences ranging from 0.3 to 2.0 %. [5] [6] [7] [8] However, in patients with sphincter of Oddi violation from previous bilioenteric anastomosis, sphincterectomy, biliary drainage or stent placement, the incidence of liver abscess following liver ablation is as high as 22 to 100 %. 5, 8, 9 Therefore, a history of enterobiliary manipulation (EBM) is often considered a strong risk factor for development of liver abscess and, potentially, a contraindication for liver ablation. 4, 7, 9, 10 To date, no studies have reported that the use of a prophylactic antibiotic regimen in patients with a history of EBM undergoing liver ablation is of any benefit and investigations on that matter remain desired. 5, 7, 8 Studies on the use of prophylactic antibiotics in patients with prior EBM undergoing transarterial hepatic embolotherapies have shown conflicting findings. [11] [12] [13] Patel et al. 13 demonstrated a trend toward a lower rate of liver abscess formation in a study of 7 patients with a history of EBM who underwent transarterial chemoembolization (TACE) and received an aggressive prophylactic antibiotic regimen. An effective prophylactic antibiotic regimen for this high-risk patient populations could potentially reduce morbidity rates and ultimately expand the indication for hepatic ablation in patients with EBM.
The purpose of this single-institution retrospective study was to determine the utility of an aggressive prophylactic antibiotic regimen in preventing the development of liver abscesses following percutaneous liver ablation in patients with a history of hepaticojejunostomy.
Materials and Methods

Patient Population
This study complied with the requirements of the Health Insurance Portability and Accountability Act and was approved by our Institutional Review Board with a waiver of informed consent. We identified in our retrospective ablation databank 262 patients who underwent 307 percutaneous liver ablation sessions from January 2010 to May 2015. Among these, 12 (4.6 %) patients (6 female, 6 male; mean age 63.1 years [range, 37-78 years]) had a prior history of EBM, specifically hepaticojejunostomy as part of pancreaticoduodenectomy. We collected information on the following variables: age, sex, type of liver tumor(s), number of tumors, size of tumor(s), time interval between EBM and liver ablation procedures, ablation modality, and the prophylactic antibiotic regimen that had been administered.
Prophylactic Antibiotic Regimen
There is no consensus on the appropriate prophylactic measures to prevent liver abscess formation in patients with a history of EBM who are undergoing liver ablation. In the time period studied, our institution used three different regimens (Table 1) . Ten patients utilized an aggressive regimen consisting of oral levofloxacin 500 mg daily and oral metronidazole 500 mg twice daily beginning 2 days prior to and continuing for 14 days after ablation, in addition to neomycin 1 g and erythromycin base 1 g orally at 1, 2, and 11 pm on the day before the ablation. This regimen was developed based on a previous report regarding its use on patients undergoing TACE. 13 One patient received intravenous metronidazole 500 mg twice daily plus intravenous piperacillin/tazobactam 4.5 g four times a day on the day of the procedure followed by oral ciprofloxacin 500 mg twice daily and oral metronidazole 500 mg twice daily for 7 days following the procedure. Finally, one additional patient received metronidazole 500 mg orally twice daily for 10 days starting on the procedure's day.
Percutaneous Ablation Procedure
All percutaneous liver ablations were performed with computed tomography (CT) guidance while the patients were under general anesthesia. Ultrasonography was also used at the operator's discretion. Radiofrequency ablation (Cool-tip ablation system, Covidien, Boulder, CO, USA), microwave ablation (Certus PR probe, Certus 140-2.4 GHz ablation system, Neuwave, Madison, WI, USA), or cryoablation (Galil Medical Inc., Arden Hills, MN, USA) were the ablation modalities utilized. At the end of the procedure, a triphasic contrast-enhanced CT study was performed to verify treatment completion and assess patients for potential complications. Patients were admitted for overnight observation and discharged home the next day.
Adverse Events Assessment
Patients were evaluated on the day after ablation, prior to discharge from the hospital. Per our institutional protocol, cross-sectional images of the liver were obtained using multi-detector CT or magnetic resonance imaging with a quadriphasic study protocol within 90 days after each ablation session, every 2 to 3 months after that for the first year after ablation, and every 6 months thereafter. All the 12 patients had post-ablation cross-sectional images available for review. All available images were retrospectively reviewed by two interventional radiologists (BO and SH) to identify findings suggestive of liver abscess. Liver abscess was defined as a discrete intrahepatic collection on cross-sectional imaging with aspiration yielding a microorganism, along with fever, chills, fatigue, and/or pain. All adverse events were graded using the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE), version 4.03.
Statistical Analysis
Continuous data were expressed as median (range) and compared using the Mann-Whitney U test. Categorical data were compared using the chi-square test. Statistical analyses were performed with GraphPad PRISM version 6.0 h (GraphPad Software, Inc., La Jolla, CA, USA).
Results
Twelve patients with a history of hepaticojejunostomy underwent 12 percutaneous liver ablation procedures, with a total of 13 tumors treated. Table 1 contains complete patient details. The median time interval between the hepaticojejunostomy procedure (i.e., pancreaticoduodenectomy) and the ablation was 3.8 years (range, 0.5-16.5 years). The median size of the treated tumors was 1.75 cm (range, 0.8-3.5 cm). Radiofrequency ablation was performed for 4 tumors, microwave ablation for 8 tumors, and cryoablation for 1 tumor. One patient had one TACE session 24 h preceding the ablation procedure. During a median follow-up period of 440 days (range, 77-1784 days), liver abscesses developed in 2 (16.6 %) of 12 patients. Among the 10 patients who received the aggressive prophylactic antibiotic regimen of levofloxacin, metronidazole, neomycin, and erythromycin base, none developed abscesses. In contrast, the 2 patients who received other prophylactic antibiotic regimens developed low-grade fevers 14 and 21 days after the ablation procedures, respectively. CT showed a large intrahepatic abscess in each patient at 34 and 43 days post-ablation, respectively (Fig. 1 ). Both patients with abscesses were treated with catheter-directed aspiration and drainage. Intravenous antibiotics were administered based on bacterial cultures and antibiotic-sensitivity test results, which revealed the presence of Enterococcus faecalis sensitive to levofloxacin in 1 patient and multidrug-resistant Escherichia coli and Enterococcus faecium in the other patient. The abscesses subsequently resolved in both patients.
One patient who received the aggressive prophylactic antibiotic regimen developed arthralgia and diarrhea (CTCAE grade 2) 10 days after the hepatic ablation. The treating physicians attributed these symptoms to antibiotic-related side effects and instructed the patient to stop the antibiotics with 2 days remaining in the prescribed course. All other patients tolerated the antibiotic regimens.
Discussion
Liver abscesses are a common and significant complication following liver ablation in patients with prior EBM, including surgery, biliary drainage or stenting, and sphincterotomy. These interventions are strongly associated with retrograde chronic colonic-type-flora bacterial colonization in as many as 90 % of patients.
14 Bacterial colonization of the hepaticojejunostomy has been observed as early as the first week after the surgical procedure. [15] [16] [17] Although the vast majority of patients with bacterial colonization are asymptomatic, the communication of the colonized bile ducts with the ablation zone can promote bacterial colonization and growth at the thermally damaged tissue, a known favorable environment for bacterial dissemination. 18 The existing literature shows conflicting results between abscess formation with the type of prior EBM, ablation modality, and type of prophylaxis. Table 2 reviews the incidence of abscess formation, prophylactic intervention(s), and time interval between ablation and abscess formation from previously published studies and our current case series. Elias et al. 10 reviewed a cohort of 574 patients who were treated with thermal ablation of liver lesion(s) over an 8-year period. They found that among 9 patients who had a history of bilioenteric anastomosis prior to ablation, 4 (44 %) patients developed an abscess at the site of the ablation; the abscesses occurred despite the administration of various prophylactic antibiotic regimens. Shibata et al. 7 evaluated the incidence and risk factors for the development of cholangitis and liver abscess in 358 patients who underwent 638 ablation procedures. Cholangitis and/or liver abscess occurred following 10 (1.6 %) ablation sessions. Bilioenteric anastomosis was the only significant risk factor strongly predisposing patients to Fig. 1 A 58-year-old woman with a history of pancreaticoduodenectomy for pancreatic neuroendocrine cancer presented with a liver metastasis. a Axial contrast-enhanced computed tomography (CT) scan demonstrates the metastasis in segment VII of the liver (arrowheads). b Ablation was performed with two microwave ablation antennas (short arrows) bracketing the lesion. c The patient presented 43 days after ablation with a low-grade temperature and malaise. Axial contrast-enhanced CT scan demonstrates a rim-enhancing mass (long arrows) containing an air-fluid level. Clinical and imaging findings were consistent with an abscess, which was treated successfully with catheter drainage and intravenous antibiotics cholangitis and/or liver abscess formation (P < 0.001). While patients in that study had been administered prophylactic antibiotics, the study showed that antibiotic prophylaxis did not significantly protect patients against the development of liver abscesses (P = 0.31). In a series of 603 patients with hepatocellular carcinoma who underwent 751 thermal ablation sessions, Choi et al. 8 described an abscess formation incidence of 1.7 % (13 sessions). Significant risk factors for abscess development included prior biliary manipulation (P = 0.0088), a tumor with retained iodized oil from prior transarterial chemoembolization (P = 0.040), and treatment with an internally cooled electrode system (P = 0.016). 8 Of note, none of the patients with prior biliary manipulation received prophylactic antibiotics in that study. In our present series, 2 of 12 (16.7 %) patients who had a history of hepaticojejunostomy developed an abscess at the ablation site. Importantly, however, none of the 10 patients who had received the aggressive antibiotic regimen was among those who developed an abscess.
The time between EBM and ablation may be associated with the likelihood of post-ablation bacterial infection. It is interesting to note that of the 13 liver ablation procedures in patients with biliary tract manipulation described by Elias et al., 10 no abscesses occurred when the EBM and radiofrequency ablation were performed synchronously (n = 4 procedures), whereas intrahepatic abscess occurred in 4 of 9 procedures when the ablation was performed after the EBM procedure. Given that the median time interval between biliary manipulation and ablation in our series was 3.8 years, our patients were likely at an increased risk for abscess formation given their potential higher chance to present with retrograde chronic colonic-type-flora bacterial colonization of the biliary system.
The organisms isolated from liver abscesses following ablation in patients who have undergone biliary manipulation are diverse, including gram-positive, gram-negative, and obligate anaerobic species of bacteria ( Table 2 ). The most common organisms isolated were Enterococcus species and E. coli. The aggressive antibiotic regimen used in 10 of our b APAR: Levofloxacin 500 mg orally every day and metronidazole 500 mg orally every 12 h beginning 2 days prior to the procedure and continuing for 14 days after the procedure, in addition to neomycin 1 g orally and erythromycin base 1 g orally at 1, 2, and 11 pm the day before the ablation c Piperacillin/tazobactam 4.5 g intravenously four times a day plus metronidazole 500 mg intravenously twice daily within 1 h of procedure on the day of the procedure followed by ciprofloxacin and metronidazole 500 mg orally each twice a day for 7 days d Metronidazole 500 mg orally twice a day within 1 h of the procedure for 10 days patients, who had no incidence of abscess, consisted of levofloxacin, metronidazole, neomycin, and erythromycin base. Levofloxacin and metronidazole, which were started 2 days before the ablation and continued for 14 days following the ablation, are particularly effective against Enterococcus spp. and E. coli. While we included neomycin and erythromycin base in our aggressive antibiotic regimen based on evidence from a previous study, 13 whether these antibiotics were actually useful in our series of patients remains uncertain. Neomycin and erythromycin base are known to prevent infectious complications following elective colonic surgery, with elevated drug levels found in the serum and colonic lumen. [19] [20] [21] In our clinical setting, however, it remains unclear if these drugs were present within the proximal small bowel lumen and what effect, if any, they may have had on reducing intestinal flora.
The empiric use of antibiotics for prevention of infectious complications is not inconsequential. The increased associated costs of antibiotic therapy, its potential contribution to bacterial resistance, and its side effects are well-recognized limitations. The latter issue was illustrated in our study by the inability of one of our patients to complete the planned aggressive antibiotic regimen due to the development of CTCAE grade 2 antibiotic-related side effects. Because the patient was near the end of her prophylaxis period, no alternative antibiotics were administered. The early termination of antibiotic prophylaxis without subsequent development of an abscess suggests that systemic antibiotics may provide enduring effects, a possibility that needs further study.
Our study is limited by its retrospective design and small sample size. The small number of patients included in our study (n = 12 patients), the small number of patients who developed abscesses (n = 2 patients), and the lack of a control arm make it difficult to draw clinically significant conclusions regarding the role of pre-procedural antibiotics. Also, the history of TACE in one of our patients might have increased the risk of development of liver abscess since the compromised blood supply after TACE can contribute to abscess formation. Nonetheless, the lack of abscess formation observed in the subset of our study population who received the aggressive prophylactic antibiotic regimen is a favorable result as compared to other studies with similar numbers of patients. 7, 8, 10 Finally, the absence of data on the presence and type of bacterial colonization of the patients' biliary systems limits our ability to conclusively determine the utility and efficacy of the specific types of antibiotics used.
In conclusion, the present study suggests that an aggressive prophylactic antibiotic regimen is well tolerated and may prevent the formation of liver abscesses following liver ablation in patients with prior hepaticojejunostomy. Our results will need to be validated with larger studies.
